INTRODUCTION
Treatment of cancer using antiangiogenic agents is based on several hypotheses: first, there is a continuously expanding network of blood vessel capillaries supplying nutrients and oxygen to support tumor growth; second, the process of angiogenesis can be blocked therapeutically without causing excessive host toxicity; and third, such interventions will be therapeutic by either inducing a state of tumor dormancy or conferring increased chemosensitivity.
Discovery of the vascular endothelial growth factor (VEGF) family of angiogenesis stimulators (VEGF-A, -B, -C, and -D and placental growth factor) and development of several VEGF pathwaytargeting agents have permitted these hypotheses to be tested in clinical studies. Although the clinical benefits of antiangiogenic agents have been established in colorectal cancer, 1 renal cell carcinoma, cervical cancer, 4 epithelial ovarian cancer, 5-7 and non-small-cell lung carcinoma, 8,9 they have not yet been shown to improve quality or duration of life in metastatic breast cancer.
10
VEGF receptor-2 (VEGFR-2) is associated with breast cancer metastasis and poor prognosis and is believed to be the principal mediator of angiogenesis, endothelial proliferation, permeability, and survival in breast cancer.
11-14 Ramucirumab (IMC-1121B; ImClone Systems, Branchburg, NJ) is a fully human immunoglobulin G1 monoclonal antibody that binds the extracellular domain of VEGFR-2, blocking interaction between VEGF and VEGFR-2. 15 Clinical studies have shown safety across a wide range of ramucirumab doses, and early studies have suggested activity in a variety of tumor types. 8, 16, 17 Randomized studies with ramucirumab have demonstrated improvements in overall survival (OS) in metastatic gastric cancer 16 and advanced non-small-cell lung cancer. 8, 12 We sought to evaluate whether ramucirumab plus docetaxel treatment would prolong progression-free survival (PFS) or OS in patients with human epidermal growth factor receptor 2 (HER2) -negative breast cancer when compared with placebo plus docetaxel treatment.
PATIENTS AND METHODS

Patient Eligibility
Patients eligible for enrollment were women age Ն 18 years with HER2-negative recurrent or metastatic carcinoma of the breast who had not received cytotoxic chemotherapy or biologic therapy in the advanced setting. Additional inclusion criteria included completion of neoadjuvant taxane therapy Ն 6 months, adjuvant biologic therapy Ն 6 weeks, or radiotherapy Ն 3 weeks before random assignment; measurable and/or nonmeasurable disease; left ventricular ejection fraction within normal institutional ranges; adequate hematologic functions; adequate hepatic function; adequate coagulation function; urinary protein Յ 1ϩ on dipstick or routine urinalysis; serum creatinine Յ 1.5ϫ upper limit of normal; resolution to grade Յ 1 by National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0)
18 of all clinically significant toxicities resulting from prior chemotherapy, surgery, radiotherapy, or hormonal therapy, with the exception of peripheral neuropathy, which must have resolved to grade Յ 2; and Eastern Cooperative Oncology Group performance status of 0 to 1 (Table 1) .
Patients were excluded from the study if they had a concurrent active malignancy other than breast adenocarcinoma; brain metastases, uncontrolled spinal cord compression, or carcinomatous meningitis or new evidence of brain or leptomeningeal disease; known sensitivity to drugs formulated with polysorbate 80 or agents of biologic composition similar to that of IMC-1121B; uncontrolled hereditary or acquired bleeding or thrombotic disorders or active, high-risk bleeding; ongoing or active infection requiring parenteral antibiotic, antifungal, or antiviral therapy; serious uncontrolled medical disorders including but not limited to hypertension, symptomatic congestive heart failure, psychiatric illness, and HIV infection or AIDS-related illness; or chronic diarrheal disease within 6 months of study enrollment.
Study Design and Conduct
The study was designed by academic investigators in collaboration with Eli Lilly/ImClone Systems. Translational Research in Oncology (TRIO), an academically led international clinical trial network, conducted this Eli Lilly/ ImClone Systems-sponsored trial.
In this multicenter, double-blind phase III trial-ROSE (Ramucirumab Overall Survival Evaluation)/TRIO-012-1,144 patients with HER2-negative, unresectable, locally recurrent, or metastatic breast cancer were randomly assigned at a ratio of two-to-one to receive docetaxel 75 mg/m 2 plus ramucirumab 10 mg/kg intravenously (IV) on day 1 of every 3-week cycle or docetaxel 75 mg/m 2 plus placebo IV on day 1 of every 3-week cycle (IV infusion time was 1 hour per agent; Fig 1) . Randomization was stratified by prior taxane therapy, visceral metastasis status, hormone receptor status, and geographic region.
Every patient or patient representative signed an ethics committee-approved informed consent form before any study-specific procedures were performed.
Study Assessments
Treatment continued until investigator-determined evidence of disease progression using RECIST criteria, 19 unacceptable toxicity, or other withdrawal criteria were met. All patients were assessed at regularly scheduled intervals (every 6 weeks until disease progression and every 6 months thereafter) until death or for at least 36 months after the end of the study treatment. Progression was also examined by an independent review committee. Adverse events were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0). 18 The Functional Assessment of Cancer Therapy-Breast questionnaire (version 4.0) 20 was completed by patients for quality-of-life assessment; validated translations were used when required.
Statistical Analyses
An independent data monitoring committee oversaw conduct of the trial, the efficacy database resided with TRIO, and primary statistical analysis was performed by a statistical office (International Drug Development Institute) independent of the sponsors. The primary end point was investigator-assessed PFS.
The minimum sample size of 1,113 patients was determined using a group sequential analysis methodology (as implemented in East software [version 5 .2]; Cytel, Cambridge, MA). Median PFS in the control group (placebo plus docetaxel) was assumed to be 6 months, and a 2-month (33%) improvement in median PFS was deemed of clinical interest; although the 
‫ء‬
In RAM group, three patients (0.4%) had unknown ER status. †In RAM group, 19 patients (2.5%), and in PBO group, 10 patients (2.6%) had unknown PR status at study initiation.
‡One patient had unknown HER2 status at study initiation.
primary hypothesis was tested with an overall two-tailed significance level of .05, sample size was determined with a two-tailed significance level of .01, and the power of the trial was set to 86% for a PFS hazard ratio (HR) of 0.75. Statistical tests were performed using a two-sided .05 significance level. Time-to-event end points were analyzed using stratified Kaplan-Meier methods, and stratified Cox regression was used to estimate HRs and 95% CIs. For categorical end points, such as response, the stratified Mantel-Haenszel test was used. Fisher's exact test was used to compare adverse events (all grades and grades Ն 3).
RESULTS
Between August 2008 and December 2011, a total of 1,144 patients were randomly assigned. After a median follow-up of 18.6 months, there were sufficient events to trigger this analysis. The primary end point was investigator-assessed PFS. Secondary end points included OS, time to progression (TTP), overall response metrics, safety, and quality of life. At baseline, 76% of patients had hormone receptor-positive and 24% had triple-negative breast cancers (Table  1) . Patients in the ramucirumab group received a median of nine cycles of ramucirumab (range, zero to 58 cycles) and eight cycles of docetaxel (range, one to 40 cycles); those in the placebo arm received a median of nine cycles of placebo (range, one to 52 cycles) and eight cycles of docetaxel (range, one to 52 cycles; Table 2 ).
There was no significant difference in the protocol-specified primary end point of investigator-assessed PFS between the ramucirumab and placebo arms. Investigator-assessed median PFS in the ramucirumab group was 9.5 months (95% CI, 8.3 to 9.8 months), compared with 8.2 months in the placebo group (95% CI, 7.1 to 8.5 Patients with recurrent or metastatic human epidermal growth factor receptor 2-negative breast cancer who had not received cytotoxic chemotherapy in advanced setting were randomly assigned at two-to-one ratio to treatment or placebo group and assessed for progression-free and overall survival (OS). IV, intravenously; PD, progressive disease. (*) One patient in placebo group received ramucirumab plus docetaxel in cycle one and therefore is included in treatment safety population.
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www.jco.org months), resulting in an HR of 0.88 (95% CI, 0.75 to 1.01; P ϭ .077; Fig 2A) . Efficacy results in clinical subgroups were consistent with overall PFS results (Fig 3) . As per protocol, a sensitivity analysis using PFS determined by independent radiologic review demonstrated a median PFS of 11.1 months (95% CI, 9.9 to 11.8 months) in the ramucirumab group, compared with 8.5 months (95% CI, 7.9 to 9.8 months) in the placebo group (HR, 0.79; 95% CI, 0.67 to 0.94; P ϭ .008; Fig 2B) .
At the interim analysis, there was no significant difference in OS between the treatment arms. Median OS was 27.3 months (95% CI, 23.6 to 29.1 months) in the ramucirumab group, compared with 27.2 months (95% CI, 24.3 to 32.2 months) in the placebo group (HR, 1.01; 95% CI, 0.83 to 1.23; P ϭ .915; Fig 2C) .
Other secondary efficacy end points, including TTP, objective response rate (ORR), and disease control rate based on investigator assessment, were higher in the ramucirumab arm, whereas a similar duration of response was observed between treatment arms. Median TTP was 9.7 months (95% CI, 8.5 to 10.3 months) in the ramucirumab arm and 8.2 months (95% CI, 7.1 to 9.0 months) in the placebo arm (HR, 0.85; P ϭ .033). ORR was 44.7% (95% CI, 41.1% to 48.3%) in the ramucirumab arm and 37.9% (95% CI, 33.1% to 43.0%) in the placebo arm (P ϭ .027). Disease control rate was 86.4% (95% CI, 83.8% to 88.8%) in the ramucirumab arm and 81.3% (95% CI, 77.0% to 85.1%) in the placebo arm (P ϭ .022; Table 3 ). In the subset of patients with a best response of complete or partial response, median duration of response was 8.4 months (95% CI, 8.0 to 9.7 months) in the ramucirumab arm and 8.1 months (95% CI, 6.8 to 8.9 months) in the placebo arm (HR, 0.84; P ϭ .150).
Quality of life seemed to be similar between treatment arms during the study period, as determined by Functional Assessment of Cancer Therapy-Breast scores and subscores, suggesting that patientreported quality of life was not negatively affected by treatment with ramucirumab plus docetaxel relative to placebo plus docetaxel (data not shown).
Several treatment-emergent adverse events that occurred more frequently in the ramucirumab group included stomatitis, epistaxis, increased lacrimation, hypertension, decreased appetite, decrease in body weight, palmar-plantar erythrodysesthesia syndrome, insomnia, febrile neutropenia, and fatigue (grade Ն 3 only, as assessed by P Ͻ .05). Themostcommonhematologicadverseeventwasneutropenia,and grade 3 to 4 neutropenia occurred in 15.2% and 13.1% of patients in the ramucirumab and placebo arms, respectively. Bleeding or hemorrhage of any grade occurred in 48% of patients who received ramucirumab, compared with 22.3% of patients who received placebo (Table 4) . 
DISCUSSION
Breast cancer is a heterogeneous disease characterized by deregulation of multiple cellular pathways, different morphologies, and varying sensitivities to therapy. Given the balance of preclinical and clinical data suggesting antiangiogenic therapy might benefit women with metastatic breast cancer, we designed a study to examine the effects of adding a specific VEGFR-2-directed monoclonal antibody to a standard taxane chemotherapy regimen (ie, docetaxel every 3 weeks).
In this large, multinational, double-blind registration study, we evaluated a first-in-class antiangiogenic agent in combination with standard cytotoxic therapy for the first-line treatment of HER2-negative advanced or metastatic breast cancer. This study has several strengths, including a placebo-controlled design, reducing biases in PFS and safety assessment; sufficient power to detect OS effects; and academic involvement in trial design, conduct, and statistical analysis. This study was conducted according to strict good clinical practice guidelines. Baseline patient and disease characteristics were balanced between the study arms and were typical of the population of patients typically enrolled onto first-line systemic therapy studies; the majority of patients randomly assigned in ROSE were age Ͻ 65 years, with an Eastern Cooperative Oncology Group performance status of 0 or 1, and had measurable disease (82%). Given the relatively nonspecific nature of ramucirumab-associated toxicities, blinding was effectively maintained throughout the study, minimizing investigator bias and allowing for a robust assessment of PFS. This study did not meet the primary end point of investigatorassessed PFS; median PFS was 9.5 months (95% CI, 8.3 to 9.8 months) in the ramucirumab arm and 8.2 months (95% CI, 7.1 to 8.5 months) in the placebo arm. Although PFS numerically favored the ramucirumab group, this difference was not statistically significant (HR, 0.88; P ϭ .077). Prespecified sensitivity analyses, including an independent radiologic review for PFS, supported the results of the primary analysis. Furthermore, interim OS analyses demonstrated similar survival in both treatment arms of approximately 27 months. Although the final OS analysis is anticipated in 2015, there is no suggestion of a treatment effect that would be likely to influence final OS. There were no clinically meaningful differences observed in quality-of-life parameters when the two arms were compared. Although secondary end points, including TTP and ORR, provided evidence of anticancer activity with ramucirumab, the clinical benefits were insufficient to warrant its use in breast cancer outside the setting of a clinical trial.
Although this study did not improve key clinical outcomes in this patient population, the placebo-controlled design and large sample size permitted a relatively unbiased assessment of the safety signals arising from the combination of ramucirumab plus docetaxel. Ramucirumab was generally well tolerated in this patient population, as demonstrated by similar rates for most adverse events between the ramucirumab and placebo arms. As expected, grade Ն 3 treatment-emergent adverse events occurred at a significantly higher rate in the ramucirumab group compared with the placebo group and included fatigue, hypertension, febrile neutropenia, palmar-plantar erythrodysesthesia syndrome, and stomatitis. There were no unexpected toxicities observed with ramucirumab; the anticipated antiangiogenic class effects of hypertension, proteinuria, and epistaxis were evident.
Nonetheless, this represents another antiangiogenic trial in the setting of breast cancer that has failed to meaningfully improve important clinical outcomes. It is helpful to evaluate potential reasons for this lack of robust efficacy in the metastatic breast cancer setting. It is unlikely this result is simply a statistical artifact, because the ROSE/ TRIO-012 trial was well powered to demonstrate PFS effects. Ramucirumab is an effective anticancer agent, as demonstrated by survival advantages in other reported phase III trials in the settings of advanced gastric 16,21,22 and non-small-cell lung carcinomas. 8 In general, it does not seem that a high breast cancer tumor burden represents the critical barrier to efficacy of antiangiogenic agents, because two well-powered and well-conducted adjuvant bevacizumab studies targeting residual micrometastatic disease also failed to improve outcomes. 23, 24 The results of antiangiogenic therapy in metastatic and adjuvant breast cancer settings are in contrast with the experience of neoadjuvant bevacizumab for treatment of primary breast cancer, where clear improvements in pathologic complete response (pCR) rates have been identified. [25] [26] [27] This discordance between improved pCR rates and lack of adjuvant disease-free survival suggests that the stromal milieu of primary breast cancer may be more sensitive to VEGF-based antiangiogenic strategies, whereas micrometastases and clinically evident metastatic disease in highly vascular organs, such as liver, bone marrow, and lung parenchyma, may be less sensitive to angiogenesis inhibitors. Long-term follow-up will be required to determine whether increased rates of pCR produced by bevacizumab will improve disease-free survival and OS in the neoadjuvant setting.
The larger question remains why antiangiogenic strategies in breast cancer have failed to improve OS, whereas similar studies with these agents in other solid tumors have shown clear survival improvements. [1] [2] [3] [4] [5] [6] [7] [8] [9] One possibility is that normal breast vasculature undergoes repeated cycles of expansion and regression during menstrual cycling, pregnancy, and lactation 28 and that consequently, breast cancers exhibit a lower sensitivity than solid tumors arising from organs without cycling vasculatures. In addition, although VEGF is the pre-eminent mediator of tumor angiogenesis, it is increasingly apparent that other known molecular mediators of angiogenesis may circumvent VEGF pathway inhibition. 29 By targeting VEGFR-2, ramucirumab would be expected to reduce tumor oxygenation and thereby upregulate hypoxia-inducible factor-1, a key transcription factor known to induce expression of multiple proangiogenic mediators, including VEGFR-1, platelet-derived growth factor-B, fibroblast growth factor-2, and angiopoietins. 30, 31 Although PFS and OS were similar across predefined clinical subgroups, protocol-specified correlative assessments are under way to identify molecularly defined populations with ramucirumabsensitive disease. Ultimately, a better understanding of breast cancer responses to available antiangiogenic therapies and assays to identify relevant biomarkers and sensitive patients are needed for antiangiogenic therapy for breast cancer to fulfill its original promise. §AE of special interest defined by set of MedDRA preferred terms.
GLOSSARY TERMS
angiogenesis: the process involved in the generation of new blood vessels. Although this is a normal process that naturally occurs and is controlled by so-called on and off switches, blocking tumor angiogenesis (antiangiogenesis) disrupts the blood supply to tumors, thereby preventing tumor growth.
monoclonal antibody: an antibody that is secreted from a single clone of an antibody-forming cell. Large quantities of monoclonal antibodies are produced from hybridomas, which are produced by fusing single antibody-forming cells to tumor cells. The process is initiated with initial immunization against a particular antigen, stimulating the production of antibodies targeted to different epitopes of the antigen. Antibody-forming cells are subsequently isolated from the spleen. By fusing each antibody-forming cell to tumor cells, hybridomas can each be generated with a different specificity and targeted against a different epitope of the antigen.
vascular endothelial growth factor (VEGF): a cytokine that mediates numerous functions of endothelial cells including proliferation, migration, invasion, survival, and permeability. VEGF is also known as vascular permeability factor. VEGF naturally occurs as a glycoprotein and is critical for angiogenesis. Many tumors overexpress VEGF, which correlates with poor prognosis. VEGF-A, -B, -C, -D, and -E are members of the larger family of VEGF-related proteins.
You've Guided Them Through Treatment: What Next?
As a supplement to the guidance ASCO offers on survivorship care, the ASCO Cancer Survivorship Compendium serves as a repository of tools and resources to enable oncology providers to implement or improve survivorship care within their practices. Delivering high-quality survivorship care can enhance patients' long-term health by complementing efforts to manage concerns related to cancer treatment and survivorship.
To view the Compendium's online resources to support your own survivorship care efforts, visit asco.org/survivorship.
